The decision maker can meet difficult decision problems in the presence of a multiple criteria. Indeed, the choice of a provider is a multi-criteria decision problem. This is the case of this paper which allows solving a logistics outsourcing problem based on multi-criteria decision aid. Several multi-criteria methods require a direct providing of parameters so that the decision maker obtains an alternatives ranking such as 'PROMETHEE' that is a method with multiple criteria. However, this task of direct and precise fixation of parameter values is quite difficult which poses the subjectivity problem of provided parameters. To reduce and overcome this problem, we propose a new multi-criteria approach which hybrids objective methods. However, this hybrid approach has some disadvantages. The results of the hybrid method are integrated in a mathematical program to choose a transport provider within the Tunisian Chemical Group (GCT) and determine the number of providers and optimal transported quantities.
Introduction
The decision maker can meet complicated decision problems so he uses a decision making aid to make the decision of best compromise. And in the case of a problem with intangible and conflicting criteria, multi-criteria decision support is a resolution tool to find the best solution for a problem of a decision maker. This is a problem in the presence of multiple criteria that include several qualitative and quantitative aspects in the decision making process. Kumar et al. (2017) have considered multi-criteria decision making (MCDM) as a branch of the greatest growing areas of operational research dealing with finding optimal results in complex scenarios including various conflicting criteria and objectives. MCDM models can treat complex problems encountered in industries, organisations, business, science, management, engineering and other areas of human activity (Saaty and Ergu, 2015; Rajasekaran et al., 2016; Srisawat and Payakpate, 2016) . Also, they are used to select the alternative of the best compromise for decision.
In this paper, we are interested in the resolution of a decision problem in the field of logistics outsourcing. We can mention for example the problem of choice of a transport provider. In order to solve this type of problems, we can apply MCDM methods.
Companies within a supply chain management can reduce costs and time while satisfying customer needs at the same time. There are several logistical problems such as logistics of supply and logistics of distribution in case of selection of the best transporter for example. In fact, Zhu et al. (2017) added that logistics outsourcing has been widely adopted by firms as a means to reduce costs and increase flexibility. In addition, Liu et al.
Literature review
This section presents an overview of multi-criteria methods to be used in our model.
AHP method
The AHP method was introduced and developed by Saaty (1980) . It is a systematic procedure for representing the elements of any problem (Saaty, 1986) . This multi-criteria method is considered one among the most popular and commonly used decision support tools in multi-criteria decision aid. It is classified at the most widely known method of eigenvalues bringing together all of the weight assessment procedures based on the calculation of the criteria weight vector of a matrix of binary comparisons between criteria. It represents a decomposition of decision problem with a hierarchical structure to represent a decision making problem and to indicate the interactions between the various elements of the problem. This method starts from binary comparison matrices to evaluate a weight vector for comparing the actions of the decision problem. So, it constructs binary comparisons of the elements hierarchy. Then, it determines the criteria weight and the actions priorities based on the judgments of decision makers through the entire system (Saaty, 1980; Mardani et al., 2016) . AHP is among the methods of determining objectively the criteria weight values. To make a decision with AHP, we apply the following steps (Saaty, 2008) :
Step 1 Define the problem and determine the kind of knowledge sought.
Step 2 Decompose the decision problem into a hierarchical structure from the top with the goal of the decision, then the objectives from a broad perspective, through the intermediate levels to the lowest level.
The hierarchy is an abstraction of the problem structure used to study the interaction between the components of the problem and their effect on the final solution. In fact, this step is to define the target objective (level 0), the decision criteria (level 1) and the last level is reserved for the various solutions or alternatives preselected. Saaty advised to limit the number of relevant criteria or alternatives to seven at most.
Step 3 Construct the pairwise comparison matrices by comparing the elements in pairs.
This step is to compare the elements of the hierarchy in pairs. These comparisons produce the values a kh named evaluations that we combine in a square matrix of dimension n (number of criteria) named the pairwise comparison matrix A. These values verify these properties: a kh > 0 and a kh = 1 / a kh . A pairwise comparison matrix is perfectly consistent when, for all k, h and j, a kh = a kj * a jh .
To compare each two criteria, Saaty (1980) proposed a scale of 9 levels.
Step 4 Determine the values of criteria weights (priorities or relative importance). This is to calculate the weight of each criterion in the hierarchic structure from the evaluations obtained in the previous stage. First, we normalise the elements a kh of the matrix A [equation (1)] to obtain the normalised matrix A' with elements .
kh a Secondly, we apply the formula (2) to obtain the different priorities w k . More than this value is large, more than the corresponding criterion is important:
Step 5 Synthesise priorities.
After determining the criteria weight, AHP calculates an overall evaluation score attached to each identified alternative. Then, we obtain a vector that indicates the impact of the criterion k on each alternative.
Step 6 Check the consistency of the judgments. Step 7 Synthesise judgments to yield overall weights for the hierarchy.
After determining the elements weights and the level of consistency, the weights are synthesised to find out the overall score of each element using the weighted sum.
AHP is applied in many area to solve real problems including management, logistics, marketing, business, agriculture, education, military, healthcare, sport, government and industry (Jain and Khan, 2017; Yang and Meng, 2016; Mardani et al., 2016; Khazaii, 2016; Kubler et al., 2016; Ho, 2008; Vaidya and Kumar, 2006) . There are many software like 'Criterium Decision Plus 3.0', 'Aliah Think' and 'EXPERT CHOICE' that implement AHP method (Ishizaka and Labib, 2009; Maruthur et al., 2015; Hou et al., 2016) .
Revised AHP method (AHPr)
AHPr method is developed by Frikha and Moalla (2015) . It is a modified version of standard Saaty's AHP. This modification is in the second step of standard AHP. It is to auto-generate the pairwise comparison matrices for elements (criteria and alternatives) in an objective way. However, in standard AHP, the decision maker is invited to give the analyst the binary comparison matrices between elements. These matrices are generated in a subjective way. Therefore, the development of AHPr approach maintains the advantages of the Saaty's AHP and improves its weaknesses by automating of the determination of pairwise comparison matrix elements for criteria and for actions. The implementation of AHPr allows removing subjectivity and improving the inconsistency ratio:
Step 1 Pairwise comparison matrix for criteria.
We must proceed at the normalisation based on max-min-scaling of the decision matrix G to get ( ) k g i values defined on the same measurement scale. The maxmin-scaling aims for linearly transforming data so that the minimum and the maximum of the obtained values are respectively 0 and 1. So, this operation generates another matrix denoted G' whose elements [0, 1] k g are called dimensional index and are determined by:
To obtain the elements a kh of the pairwise comparison matrix A for each pair of criteria k and h, we apply this equation:
In this step, the auto-generated pairwise comparison matrix is perfectly consistent while it is evident that a kh = a kj * a jh holds for all pairs of criteria (consistency ratio is null).
Step 2 Pairwise comparison matrix for actions.
For each criterion k, we define the deviation matrix D k whose elements
such as To obtain the modified pairwise comparison matrix, we use the proposed linear transformation:
This sub step guarantees the consistency (CR < 0.1).
If we would like to improve the consistency ratio, we can change the maximum score associated to max(max( )).
PROMETHEE is an outranking method developed by Brans (1982) . It includes many versions such as PROMETHEE 1, 2 and GAIA (Brans, 1982; Mareschal and Brans, 1988 ) PROMETHEE 1 allows an action ranking in a partial pre-order, whereas PROMETHEE 2 ranks alternatives in a complete pre-order. It helps to class many actions according to multiple conflicting criteria. This method reflects the definition and the development of six different functions of preference and has a well formalised criterion extension (Schärlig, 1985) . So, for each function, we require fixing thresholds: [an indifference threshold (q k ), a preference threshold (p k ) and a Gaussian threshold (σ k )]. The implementation of PROMETHEE needs fixing criteria weight values directly by the decision maker. Brans and Vincke (1985) proposed these six basic types of criteria: usual criterion, U-shape criterion, V-shape criterion, level criterion, V-shape with indifference criterion and Gaussian criterion, to facilitate the selection of a specific preference function. The steps for the implementation of PROMETHEE are presented as follow (Brans and De Smet, 2016) :
Step 1 Determination of deviations matrices based on pairwise comparisons .
We apply the formula (5) to determine the deviation matrix for each criterion k.
Where g k (a) and g k (b) are respectively the evaluation of the actions a and b according to k. Step 2 Determination of the preference function.
The preference function expresses the degree of preference of a toward b according to k. It is calculated by:
Step 3 Calculation of a global preference index.
The global preference index expresses the degree of preference of a toward b according to all criteria. The following equation allows determining the preference index for each pair of actions. Where C ab varies between 0 and 1 and w k is the weight of k:
Step 4 Calculation of outranking flows.
0 a and 0 a denote respectively the positive outranking flow and the negative outranking flow for each action a. They express respectively the strength and the weakness of a. We determine it using as follow:
Step 5 Calculation of net outranking flow and complete ranking.
0 a denotes the net outranking flow for each alternative a. It is calculated using this formula:
In PROMETHEE 2, basing on 0 , a we construct an outranking graph of alternatives that are classified from the alternative of the highest net flow to the lesser one.
PROMETHEE has resulted in the development of software called PROMCALC (PROMETHEE CALCulations) (Mareschal and Brans, 1986) , Decision Lab (Geldermann and Zhang, 2001 ) and other software developed in the literature (Nikouei et al., 2017; Sharma and Bawa, 2016) . It has been successfully applied for solving real decision problems in many areas including outsourcing, logistics, transportation, environment management, business and finance (Huang, 2017; Behzadian et al., 2010; Nikouei et al., 2017; Brans and De Smet, 2016) .
Proposed approach MP_PR_AHP_AHPr
This section shows the encountered problem about subjectivity of data in the first part. Then, it presents our proposed hybrid approach.
As part of the problems of multi-criteria decision analysis (MCDA), the analyst asks the decision maker to provide him the basic information (for example actions, criteria and values of required parameters) to implement a multi-criteria aggregation method. The popular of MCDA methods require fixing some parameters because they represent one of the most important and the most delicate steps of multi-criteria decision models. Indeed, the information provided by the decision maker is inevitably subjective and unreliable due to the influence factors (such as psychological status of the decision maker and the time allocation).
Our application is based on PROMETHEE method to rank many actions of our problem and deduce the one which has the best compromise. In order to implement this chosen method, we require the weight value of each criterion. However, this multi-criteria method has the drawback of criteria weights subjectivity.
According to the literature, the hybridisation of two approaches at least facilitates to the decision maker the final ranking of alternatives. Therefore, we note that the proposal for an integrated approach between AHP and PROMETHEE combines the strengths of both methods in one multi-criteria tool by applying the strengths of a method and integrating it in the second. However, AHP is used to establish the hierarchy of the problem and determine the weights of the criteria. Then, PROMETHEE is based on the partial or total ranking and avoids possible compromises between the good and bad scores on criteria that often occur in complete aggregation methods such as AHP, and enriches this hierarchical method by associating a preference function to each criterion. So, it is necessary to develop an objective approach hybridising AHP and PROMETHEE to reduce our subjectivity problem.
Then, in our work, PROMETHEE method generates the subjectivity problem at the determination of criteria weight. To overcome and reduce this problem, we use AHP that is an objective method of determining the criteria weights. However, AHP presents the disadvantage of subjectivity in fixing values of pairwise comparison matrices because they are given directly by the decision maker. Therefore, the solution is to apply revised AHP (AHPr) that is an approach to auto-generate pairwise comparison matrix for criteria.
So, we combine these three methods into a multi-criteria model by maintaining the strengths of each method and integrating them in the other. The matrix generated by AHPr is included in AHP to compute the values of weights that are incorporated later in PROMETHEE to infer action ranking. Therefore, our proposed approach hybrids three multi-criteria methods and we obtain PROMETHEE_AHP_AHPr.
Firstly, the decision maker is invited to provide us some basic information about the list of actions and criteria in order to develop the decision matrix. Secondly, we apply our proposed approach step by step. In the first part, we use AHPr. But, in our approach, we apply only the sub-step that generates the pairwise comparison matrix for criteria.
In order to normalise the decision matrix, we apply the following formula (3). Then, for each pair of criterion k and h, we calculate the elements of pairwise comparison matrix for criteria A using the equation (4).
Then, using AHP and applying the equation (1), we determine the elements of normalised pairwise comparison matrix for criteria A for each pair of criterion k and h.
Thereafter, we calculate the criteria weights values applying the formula (2). So, we integrated these weights in the third step by applying equations (5-11) of PROMETHEE. We determine the net flows of PROMETHEE in order to rank the different alternatives.
As a result, the use of hybrid multi-criteria method has the following disadvantages: In the first part, it cannot provide neither the number of providers to choose either the quantities transported by each transporter to each factory. In addition, it does not take into the account capacities of providers, the capacities of factories, the total quantity to be transported and other constraints set by the factory.
Then, a mathematical program is modeled for our problem considering the transportation costs and the net flows obtained by PROMETHEE_AHP_AHPr. As a result, we obtain our approach MP_PR_AHP_AHPr that is presented in Figure 1 . Firstly, in the objective function (12), we maximise the net flows of the provider p obtained by our hybrid multi-criteria method and minimise the transportation costs in the same time. Secondly, we present seven constraints. Then, in the first constraint (13), we indicate the satisfaction of the maximum capacities of providers which is the capacity of their trucks in tons per day. The second constraint (14) concerns the maximum capacities of the factories. In the third constraint (15), we determine the total quantity to be transported to both factories. In addition, the constraint (16) determines the minimum amount to be transported by each selected transporter otherwise it will not be chosen. Thereafter, we introduce the constraint (17) In order to compare our proposed approach with the previous work, we emphasise on the advantages of our approach and cite some problems of other methods. Also, the use of hybrid method overcomes many problems. In addition, the hybridisation of these three multi-criteria methods AHPr, AHP and PROMETHEE permits to overcome and reduce the problem of parameter subjectivity provided by the decision maker. Our approach permits to generate the pairwise matrix for criteria and determine the criteria weights values in an objective manner. However, the application of other multi-criteria method, such as AHP, shows that the determination of the pairwise matrix for criteria and the weight value of each criterion are obtained in a subjective manner. If we only apply the hybrid multi-criteria method, we will be in front of some disadvantages. Then, we added the modelling of a mathematical programming for our problem to avoid some disadvantages of hybrid multi-criteria methods. We will apply it in the next section.
Application and validation of the proposed approach and results: real case study
Our research concerns the choice of a transport service provider within the Tunisian Chemical Group of Gabes (GCTG) in order to help the manager in his decision-making.
So, the problem is to obtain an optimal or effective choice to respond to needs of the decision-maker of "routing at least 1,000 tons of solid sulphur per day from the port of Gabes to the factory DAP and the factory of phosphoric acid for GCT". The task of the concerned service in the GCTG is at first to launch a call for tenders on a service request at the concerned factory. This means that the factory requires a provider to do this service using well-defined criteria. We choose this model of transport services, given the importance of this transported product to the GCTG factories, because the production of acid and fertilisers requires a significant amount of sulphur which the absence risks stopping production units. Therefore, the resolution of this problem is an important and inevitable part for the best functioning of the GCTG factories.
We apply our developed multi-criteria model in order to obtain a ranking of all transport providers and select the best for the benefit of the GCTG.
In order to apply our model, the responsible of this task of the concerned service in the GCTG gave us the following information:
The list of potential alternatives includes six transport service providers {P1, P2, P3, P4, P5, P6}.
The list of criteria contains the following five criteria {C1, C2, C3, C4, C5}: C1 Transportation cost for one ton of sulphur (in Tunisian Dinar). C2 Truck age (in years). C3 Time required for transporting any amount of sulphur (in months). C4 Security (score from 1 to 10). C5 Number of contracts signed previously with GCT.
The evaluation of each action according to each criterion in order to elaborate the decision matrix.
The type of each criterion function.
The type of criteria.
The value of thresholds associated to each criterion function. At first, to construct the decision matrix G (Table 2 ) of our problem, we evaluate the six providers in columns according to the five criteria already defined. In our model, the characteristics of the criteria to be used are presented in the following matrix (Table 3) . 
Step 1: AHPr
To obtain the objectively pairwise comparison matrix for criteria (Table 4) , overcoming the subjectivity problem, we apply our first step (AHPr) based on the decision matrix G (Table 2) . So, we apply its sub steps. Firstly, we normalise G based on max-min-scaling and we generate another matrix G' (Table 4) Secondly, to obtain the elements a kh of the matrix A (Table 6 ), we apply in the first part the exponential (Table 5) of G' and the sum of each column in the second part. In order to deduce the pairwise comparison matrix for criteria A for each pair of criterion k and h, we apply the equation (4) dividing the sum of the exponential of criterion k by the sum of the exponential of criterion h. As a result, the elements of the pairwise comparison matrix for criteria are presented in Table 6 . 
Step 2: AHP
Then, in this second step to calculate the weights values for each criterion k, we base on Table 6 generated by AHPr. Thereafter, we use the first sub step of determining the value of the criteria weights where we normalise this matrix (Table 6 ) using the formula (1). And, we obtain the following matrix (Table 7) . In the second sub step, we calculate the weight value for each criterion w k using the equation (2) 
Step 3: PROMETHEE
In this part, we use PROMETHEE method to rank six transporters already indicated and select the best. Firstly, we determine the deviations matrix for each criterion k based on decision matrix (Table 2) according to the equations (5) and (6). These matrices are presented in Appendix A. In the second sub step, we determine the preference function values for each criterion k applying the formula (7) which are presented in Appendix B.
In the third sub step of PROMETHEE, we integrate the obtained criteria weights w k in the previous step of AHPr, to determine the values of the preference indices applying the equation (8).
Then, we calculate the outranking flows and net flows using the equations respectively (9, 10, and 11).
As a result, the different preference indices as well as the flows are presented in the following matrix (Table 8) . Finally, to classify the providers of transport service, we base on calculated net flows obtained in Table 5 . As a result, the transporters are ranked in Figure 2 as follows. So, 2 0 0.737 p is the highest net flow. Consequently, the provider of transport P 2 is the best ranked and he is selected as the best transporter.
Step 4: mathematical programming
As part of the PROMETHEE implementation, we get only the net flows which allow us only to rank the transport providers according to criteria. Therefore, solving a choice problem of the best transporter in GCT, the use of the hybrid multi-criteria method leads to some disadvantages already determined in the previous section.
In order to avoid these disadvantages by determining the quantity to be transported by each transporter to each factory and determining the chosen providers, we develop a mathematical program, considering the costs of transportation and the net flows obtained in the previous step 'PROMETHEE'.
So, we define the decision variables and constraints introduced in the mathematical program whose resolution provides the number of transporters to engage, what are these transporters and the quantities to be transported taking into account the obtained results in PROMETHEE.
Then, at first, we define the next two decision variables of our model: Indeed, in PROMETHEE, the best transporter is the one with the highest net flow. So, the objective function of our mathematical model has two objectives. The first allows maximising net flows determined in PROMETHEE and the second allows minimising the costs of transport. In addition, we consider this second objective because the cost criterion is the most important criterion for company of for-profit such as GCT.
Therefore, our mathematical program achieves these two objectives to determine the best transport providers.
As a result, our objective function is in this form: However, scales are immeasurable because of low coefficients of the net flows and high coefficients of costs. Then, we remove the negative values of net flows and normalise it with using formula (21). In addition, we normalise the costs values applying equation ( Therefore, our mathematical program is presented as: 
Step 5: resolution of the mathematical program using LINDO software
In this final step, we integrate our mathematical program into LINDO software to solve it. As a result, we obtain three transport providers P 3 , P 4 and P 5 which must transport the corresponding quantities to the concerned factory. Table 9 presents the optimal decision variable values. Therefore, the first transporter P 3 must transport 50 Tons to factory 1 and 300 tons to factory 2, where as the second transporter must transport 350 tons to factory 1 and the third transporter P 5 must transport 300 tons to factory 1. So, the solution is presented in three transport providers. Finally, we propose this solution to the decision maker as he is the responsible of this task in the GCTG. We can present our obtained solution as the following graph (Figure 3 ). The integration of mathematical programming to our decision problem avoids the disadvantages of the PROMETHEE method. So, it can determine the number of providers to choose and who are these providers from the set of all transport providers and the transported quantities by each transport provider to each factory.
Also, it takes into account trucks capacity of providers, factories capacity, total amount for transport and certain requirements fixed by the GCT.
It considers the minimum amount to transport, required by the GCT and takes into account the result of PROMETHEE that is to deduce providers with high net flows.
Conclusions
In this paper, we proposed a new hybrid multi-criteria approach that hybrids the three methods AHPr, AHP and PROMETHEE to overcome and reduce our subjectivity problem of parameters provided by the decision maker to design a supply chain. Then, this hybrid method permits to generate the pairwise matrix for criteria, determine the values of criteria weights and select the best alternative. However, the use of this approach has some disadvantages. Indeed, it cannot provide neither the providers number to choose either the quantities transported by each transporter to each factory. Also, it does not take into account capacities of providers, capacities of factories, and the total quantity to be transported and other constraints set by the factory. So, we model a mathematical programming for our problem avoiding the previous disadvantages.
Then, to validate it, we applied a case study of a real problem for choosing a transport provider within the GCTG. Thereafter, we concluded selected providers and the transported quantities.
We can mention some research perspectives: we will propose implementing our proposed model by a programming language to develop a computer system. Moreover, we can apply our hybrid approach to solve other logistical problems and other transport problems. In addition, we can solve our problem by other methods and compare results.
Determination of the deviations matrix for each criterion k
We present the deviations matrix for each criterion k(k = 1, …, 6). 
Appendix B

Determination of the preference function values for each criterion k
We present the matrices of the preference function for each criterion k (k = 1, …, 6). 
